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Miniature cooling systems have lately gained increased attention due to ever increasing needs to locally cool hot 
spots. Miniaturized cooling is needed in a variety of different applications, for example to cool powerful yet highly 
compact electronics or to increase the thermal comfort of individuals through man-mounted systems. This paper 
focuses on the development of components suitable to be used in miniaturized vapor compression systems. Of 
particular interest is the achievable cooling output to system mass ratio. Miniaturized aluminum microchannel heat 
exchangers, positive displacement compressors, and passive expansion devices have been designed, developed, and 
investigated both experimentally and numerically. Relevant performance data are presented and improvement 
potentials are revealed and assessed. A measured cooling capacity of 57 W at 35 oC and a system mass of 2.2 kg 
(including power source) yields, with 26 W kg-1 one of the highest cooling output to system mass ratios ever 
reported in the open literature available for miniature cooling technology. It is clear that vapor compression 
technology can outperform many other approaches, including cooling systems based on phase change materials with 
respect to cooling output per unit mass. Human subject system evaluations confirm the laboratory measurements. 
The tested system impressively demonstrates much slower increases of core body temperature and heart rate over 
time in humans experiencing high levels of physical activity in hot ambient conditions in comparison to the same 




The ever increasing heat dissipation rates of highly compact power electronics justify research on miniature cooling 
technology. The same type of technology can readily be used to implement man-mounted systems that are aimed at 
increasing the thermal comfort of individuals that are required to wear protective clothing. A number of different 
approaches exist and have been used successfully in the past to provide decentralized cooling. The most commonly 
found approaches include evaporative cooling, phase change materials, expansion of compressed gases (relying on 
either Ranque-Hilsch or Joule-Thomson effect), thermoelectric cooling, or vapor compression technology. Among 
the technologies listed, vapor compression systems are often seen as the most promising approach due to prolonged 
operating hours, high performance output, and relatively low system mass. This paper focuses on the development 
of components suitable to be used in miniaturized vapor compression systems. The results of a detailed literature 
review on the topic are summarized and discussed. Miniaturized aluminum microchannel heat exchangers, positive 
displacement compressors, and passive expansion devices have been designed, developed, and investigated both 
experimentally and numerically. Relevant performance data are presented and improvement potentials are revealed 
and assessed. Other relevant design parameters such as refrigerant (R134a) leakage characteristics and operating 
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any, are needed to build a Peltier effect based cooling system. The control of cooling capacity is relatively simple 
because it can be realized electronically. However, it is often overlooked that the Peltier element requires good heat 
rejection on the hot side in order to reduce the temperature of the cold side to useful levels. In addition, cooling 
achieved with Peltier elements comes at relatively high cost, because of the inherently low efficiencies of the 
cooling elements.  
 
When compared with the different cooling approaches described above, it becomes apparent that vapor compression 
technology offers significant advantages for miniaturized cooling applications where high levels of compactness and 
high energy efficiencies are among the most important design criteria (Ernst, 2005; Trutassanawin et al., 2006). The 
characteristics of vapor compression systems include long operating hours at relatively high cooling capacities 
achieved with low system masses. Among the miniature cooling systems that have been described in the open 
literature, the vast majority use a secondary cooling loop approach, in which a pumped chilled single phase fluids 
absorbs heat before it rejects it to the evaporator of the refrigeration cycle. In comparison to direct expansion (DX) 
systems, energy efficiencies are reduced because of additional temperature differences required in the single phase 
to refrigerant heat exchanger. Higher system mass represents an additional drawback, especially in mobile systems, 
due to the added water and pump mass. It is difficult to obtain exact data from the literature, but realistic estimates 
and measurements reveal that the mass of the secondary loop coolant can easily exceed the mass of the packaged 
refrigeration system. Also, for the mobile systems used to cool individuals, it is often not clear whether the mass of 
the power source is included in the reported system mass. By comparing the available numbers and actual results 
obtained in this research, it seems that many autonomous miniature cooling systems approach a cooling capacity to 
system mass ratio of approximately 20 W kg-1. Although this number strongly depends on specific test and ambient 
conditions, it can serve as a rule-of-thumb for design purposes.   
 
The aim of the described research is to advance the current state-of-the-art in miniature cooling technology. The 
system to be designed represents a miniature personal cooling system (MPCS) to be used by military personnel 
wearing protective clothing. The following design requirements were considered in this research: 
 
• Total system mass (including 1.5 kg battery power source): 2.25 kg 
• Operation with one battery charge: 4 - 6 hr 
• Maximum ambient temperature: 51.7 oC 
• Cooling capacity and system efficiency (COP): maximized 
• Non-flammable, non-toxic refrigerant; classification A1 according to ASHRAE 34 (2004) 
• Full performance in any system orientation 
 
For reasons described above it was decided to implement a DX vapor compression approach to further reduce 
complexity and mass. Besides aiming for high ratios of cooling output to system mass, a major challenge is seen in 
the fact that no current MPCS can offer satisfactory performance at the required low system mass. Many of the 
systems available have high cooling output, but at the same time high system mass. Therefore, another goal of this 
research is to demonstrate scalability of miniature cooling technology and build one of the smallest and lightest 
systems ever built. 
 
3. DEVELOPMENT OF COMPONENTS AND SYSTEM INTEGRATION 
 
3.1 Component development 
R134a was selected as the refrigerant that meets all working fluid requirements specified above. However, none of 
the system components are commercially available at this point. Most of the components have been designed and 
built in-house according to the following design considerations. 
 
Condenser 
The miniature condenser is required to provide high levels of performance. At the same time, it has to have low 
mass. These requirements are best fulfilled with a brazed aluminum microchannel heat exchanger. Several different 
condenser designs were studied in detail and manufactured in-house. Fin options included folded serpentine louver 
fins, but also open-cell aluminum foam designs of various porosities. Two different condenser designs can be seen 
in Figure 2. Also shown is a comparison between experimental and numerical results obtained with a simulation 
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Figure 3: Development of evaporator designs; a) multi-pass design; b) multi-pass design with additional fins; c) 
cooling vest design with integrated evaporator and condensing unit attached 
 
Compressor and expansion device 
Different miniature piston-type prototype compressors have been successfully used in this research. Designs are still 
proprietary at this point, which is why detailed compressor specifications are not provided by the manufacturer. 
Among the most important features is the fact that all compressors tested have been oil-free. An oil-free compressor 
design significantly contributes to ensuring that the cooling system can be operated in any orientation at full 
performance level. Unlike many other man-mounted miniature cooling systems, the system developed in this 
research cannot experience compressor problems and premature system failures caused by insufficient oil return. 
Furthermore, the implementation of variable speed technology allows the adjustment of the cooling performance to 
existing load levels and the implementation of control strategies that can prolong the battery life if needed.  
 
In consideration of requirements for compactness and system mass it was decided to use a passive, instead of an 
active, expansion device. A special test stand was developed with which a capillary tube was properly sized for this 
application and its typical operating conditions. It should be noted that, due to the small diameters, clogging is one 
of the potential problems. Therefore, slightly larger capillary tube diameters, compensated by longer lengths, are 
used. Additional system performance is obtained by attaching the capillary tube to the tube carrying the vapor that 
exits the evaporator. This type of internal heat exchange is commonly found in household refrigerators. 
 
3.2 System integration 
All components were then integrated to form an autonomous man-mounted miniature cooling system. Some of the 
key elements are shown in Figure 4. Besides heat exchangers, expansion device and compressor a miniature axial 
condenser fan was selected. A condensing unit housing was designed and fabricated from lightweight polymer 
material. The compressor, fan, and the condenser, along with some control and safety features were integrated into 
the condensing unit that is also shown in Figure 4.  
 
Two different battery types have been investigated as the system’s power source. Among them are rechargeable 
batteries of the lithium-ion type and disposable batteries of the lithium-manganese-dioxide type. Both battery types 
are commonly used by US Army and have high energy storage capacities. Similar to the condensing unit, the battery 
is housed inside a carrying pouch for easy mounting. Quick connect fittings between the evaporator and the 
condensing unit establish the refrigerant-side connections. A power cable connects the power source to the 
condensing unit. An image of how the condensing unit is mounted to the cooling vest is shown in Figure 3c. It 
should be noted that the fully assembled condensing unit weighs less than 560 g, while the power supply and 
connection cable have a combined weight of approximately 1600 g. The total system mass is therefore just below 
the maximum design target of 2.2 kg, making it probably one of the lightest miniature vapor compression cooling 
systems every reported in the open literature 
 
















































 and air flow 
re tested in th
e underlying s
lled in an ASH
capacity. The
rum. The poly
 based heat tra
lated on the a
side and el
nts to the com
shown in Figu
 steady state c
sts according t
 environment s



























 heat load to








et at 35 oC an
dition, the ma
put (latent an
t way a baseli
ncreases to m
ling system. I



















t at a variety 
s that have be
992) wind tun
 be removed 
the DX evapo
lace inside the







d sensible) is 
ne case is esta
aintain steady
t should be n
of the test th
 air circulatio
tent loads. Fur

















nel in which 
from the bod
rator were wo
 cooling vest. 
the evaporator
s. COPs wer
 inside the co
ere carried ou
 aim of the te
 humidity. The




oted that this 
e manikin sur
n instead of t
thermore, this 
 system, beca
but not the ra
 heat removal 
 show that th
erence at Purd


















t in an extern
st is to determ
 manikin surf
t can continuo







use losses to t
te at which he












hs, as well as
atures. The da
rse of the proj
 could be cha
ted by an ele





al lab that spe






g can lead to



























e water to sim
 the cooling s







 from the body
































































at an ambient 
 for each ind
eights and bod
erson had to 
stem. The resu
















lts shown in 
e test run wit




 out with the 
 oC the invest
 finding was 























ise runs: one 
nstrate much 
m. In fact, on
erence at Purd
 a) in-house br
ikin facility 
ained in in-ho
 MPCS worn 
was fully fun
ling capacity 
s. It appears th
stem were car
 fully clothed 














ried out at an
test persons h
e tread mill v
 the different 
 exercised at 
system and th
ses of core bo


















































































n lead to disa
Furthermore, 


























n and Air Con
f a body core
 same test per










 can be resolv
akage rates. T













son was able t
man-mounted
 (a) and heart r
 and without c




ns. The test me
centrations of 
ed are less tha
he same facil
gs and connec













 cooling on hu








n 0.1 g yr-1. F
ity was used t
tors. 
facility; b) eva
se is among th

















 by using a te
 an online, inf















 high by the m














































 2149, Page 9 
 
International Refrigeration and Air Conditioning Conference at Purdue, July 16-19, 2012 
for vapor compression technology. A sound intensity measurement system was used to determine operating noise 
levels at different conditions. This dual microphone approach can be used in realistic environments, because it does 
not require the use of an anechoic chamber. Sound power can then be calculated from the measured sound intensity 
readings. A significant difference in sound power was observed between operating the condensing unit when 
mounted on a person in comparison to sitting on a flat surface. In the first case the human body works as very 
effective noise suppression; an average sound power of 65 dB(A) was determined at maximum system capacity, 




This paper on miniature personal cooling technology presented system and component level research. The chosen 
DX vapor compression approach resulted in a system with a cooling output per unit mass ratio of 26 W kg-1 
(including power source) at 35 oC ambient temperature. It is one of the most compact and lightweight systems ever 
reported in the open literature. Human subject tests carried out with the man-mounted cooling system confirm the 
positive effect on humans experiencing high levels of physical activity by much reduced increases in heart rate and 




COP   Coefficient of performance  MPCS Miniature personal cooling system 
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